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SPECIFICATION 
STORAGE PIXEL SENSOR AND PIXEL SENSOR ARRAY WITH SIGNAL COMPRESSION 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
10 The present invention relates to image sensors and arrays of image sensors. 

More particularly, the present invention relates to compressive CMOS image sensors 
and image sensor arrays for still camera and other applications and to methods for 
operating those arrays. * 4 
2. The Prior Art 
15 Integrated image sensors are known in the art. Such sensors have been 

fabricated from charge-coupled devices (CCDs) and as bipolar and MOS image sensors. 

A problem encountered with prior-art imagers is a limitation on the dynamic 
range of images that can be captured by the array. Images that contain both low-light- 
20 level pixels and high-light-level pixels could be improved if the dynamic range of the 
imager could be increased. 

In an active pixel sensor, the sensitivity of measuring charges generated by 
photons can be described as a charge-to-voltage gain. Typically, in a prior an active 

25 pixel sensor, the charge-to-voltage gain is accounted for by two factors. A first factor is 
the reciprocal of the capacitance of the charge accumulation node in the sensor where 
photocharge accumulates to change a potential (a reciprocal capacitance represents units 
of volts per coulomb). A second factor is the gain of the readout amplifier, typically 
less than one using a source follower. Voltage dependence of the photodiode 

30 capacitance and other capacitances, and nonlinearities of the readout amplifier transistor 
can make the gain vary with level, so that the overall transfer curve may be somewhat 
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terminal of the photodiode and a second terminal coupled to a reset reference potential 
that reverse biases the photodiode. A semiconductor amplifier has an input coupled to 
the diffusion terminal of the MOS capacitive element and an output. The 
semiconductor reset switch has a control element coupled to a control circuit for 
5 selectively activating the semiconductor reset switch. 

A first storage pixel sensor according to the present invention disposed on a 
semiconductor substrate comprises a MOS capacitive element having a gate terminal 
coupled to an adjustable potential and a diffusion terminal. A photodiode has a first 
10 terminal coupled to a first potential (ground) and a second terminal coupled to the 

diffusion terminal of the MOS capacitive element. A semiconductor reset switch has a 
first terminal coupled to the second terminal of the photodiode and a second terminal 
coupled to a reset reference potential that reverse biases the photodiode. A 
semiconductor transfer switch has a first terminal coupled to the diffusion terminal of 
15 the MOS capacitive element. A semiconductor amplifier has an input coupled to the 
second terminal of the semiconductor transfer switch and an output. A semiconductor 
row-select switch has a first terminal coupled to the output of the semiconductor 
amplifier, a second main terminal coupled to a column output line and a control element 
coupled to a row-select line. The semiconductor reset switch and the semiconductor 
20 transfer switch each have a control element coupled to a control circuit for selectively 
activating the semiconductor reset switch and the semiconductor transfer switch. 

A second storage pixel sensor according to the present invention disposed on a 
semiconductor substrate comprises a MOS capacitive storage element having a gate 

25 terminal coupled to an adjustable potential and a diffusion terminal. A photodiode has 2 
first terminal coupled to a first potential (ground) and a second terminal. A 
semiconductor reset switch has a first terminal coupled to the second terminal of the 
photodiode and a second terminal coupled to a reset reference potential that reverse 
biases the photodiode. A semiconductor transfer switch has a first terminal coupled to 

30 . the second terminal of the photodiode and a second terminal coupled to the diffusion 
terminal of the MOS capacitive storage element. A semiconductor amplifier has an 
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FIG. 5 is a schematic diagram of a first embodiment of a storage pixel sensor 
with compression according to the present invention. 

"5 FIG. 6 is a schematic diagram of a second embodiment of a storage pixel sensor 

with compression according to the present invention. 

FIG. 7 is a timing diagram showing the timing of the signals used to operate the 
storage pixel sensors of FIGS. 5 and 6. 

10 

FIG. 8 is a plot containing three voltage vs. photocharge curves illustrating the 
advantage of the multiple-breakpoint photocharge-to-voltage compression feature of the 
present invention. 

15 FIGS. 9 and 10 are a set of curves showing the nonlinear response of the present 

invention. 

FIGS. 1 la and 1 lb, respectively, are top and cross-sectional views of a typical 
layout for the storage pixel of FIG. 5. 

20 

FIGS. 12a and 12b, respectively, are top and cross-sectional views of a typical 
layout for the storage pixel of FIG. 6. 

FIG. 13 is a simplified schematic diagram of a pixel sensor illustrating the 
25 overflow barrier breakpoint method of the present invention. 

FIGS.. 14a through 14e are energy diagrams of the pixel sensor of FIG. 13, 
further illustrating the overflow barrier breakpoint method of the present invention. 
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the pixels in an array is preferably coupled to a single adjustable voltage source capable 
of supplying between about 1 and 3 volts. The diffusion terminal of the first plate of the 
capacitor may be the same diffusion area as the photodiode cathode, or a separate 
diffusion region coupled to the photodiode cathode. 

5 

Use of such a MOS capacitor, known as a varactor, exploits the fact that the gate 
capacitance of such a device is small when the Vgs is below threshold and the channel 
is in depletion and large when the Vgs is above threshold and the channel is in 
inversion. The voltage Vadj is chosen to set the threshold point with respect to the 
10 accumulating charge and thereby fix the compression point of the device. In a presently 
contemplated embodiment of the invention, the adjustable voltage source may be 
factory set to adjust the break point in the photocharge-to-voltage gain ratio of the 
device. 

15 Amplifier 50 is coupled to the cathode of photodiode 32 and the first plate of 

nonlinear capacitor 42. In the embodiment of FIG. 2, amplifier 50 is an N-Channel 
MOS transistor having its gate coupled to the cathode of photodiode 32 and the first 
plate 44 of nonlinear capacitor 42 and its drain coupled to voltage source Vcc at 
. reference numeral 52. The source of the N-Channel MOS transistor comprising 
20 amplifier 50 is coupled to column line 54 through a row select switch 56, shown as an 
■ . N-Channel MOS transistor. The gate of row-select switch 56 is driven by a ROWSEL 
signal on row-select line 58. 

The operation of the nonlinear capacitor 42 is illustrated by FIGS. 3a and 3b. 

25 FIG. 3a is a plot of capacitance of MOS capacitor 42 as a function of the voltage Vdiff 
(equal to Vadj minus Vgs) on the diffusion terminal, the first plate 44 of the MOS 
capacitor 42. When the pixel sensor is reset to Vref by turning on reset switch 38, Vdiff 
is set equal to Vref as shown at reference numeral 60. At this point, the MOS capacitor 
device is "off* and the capacitance value of the capacitor is low, at the value Clow. As 

30 the integration period of the pixel sensor progresses and negative charge is accumulated, 
the voltage Vdiff decreases from Vref until the voltage from the second plate to the first 
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the second row of the array. When the signal 72 goes low, integration begins for all of 
the pixels in the second row of the array. 

The signal ROW 1 ENABLE 74 is presented on the ROWSEL line (reference 
5 numeral 58 of FIG. 1) associated with the first row in the array. The signal 74 is used to 
transfer the pixel outputs of the pixel sensors in the first row of the array to the column 
lines of the array for readout. The integration period for the first row of the array is 
determined by the time between the falling edge of signal 70 and the rising edge of 
signal 74. Similarly, the signal ROW2ENABLE 76 is presented on the ROWSEL line 
10 (reference numeral 58 of FIG. 2) associated with the second row in the array. The 

signal 76 is used to transfer the pixel outputs of the pixel sensors in the second row of 
the array to the column lines of the array for readout. The integration period for the ^ 
. second row of the array is determined by the time between the falling edge of signal 72 4 
. and the rising edge of signal 76, 
15 , . . ... 

Those of ordinary skill in the art will observe that the falling edge of the 
ROW2RESET signal 72 is offset from and occurs later in time than the falling edge of 
the ROW 1 RESET signal 70. The ROW 1 ENABLE and ROW2ENABLE signals are 
similarly offset. The offsets are repeated for the row enable signals for subsequent rows 
. 20 in the array and are used because only one row at a time may be read onto the column 
lines. The reset signals are offset to compensate for the row enable signal offsets to 
ensure that the pixel integration times are equal in all rows in the array. 

. Referring now to FIG. 5, a schematic diagram illustrates a first embodiment of a 
25 - storage pixel 80 with intensity compression according to the present invention. FIG. 5 
shows pixel 80 in the environment of an array of such pixels. Storage pixel sensor 80 
comprises a photodiode 82 having its anode coupled to a fixed voltage potential 84 
(shown in FIG. 5 as ground). The cathode of photodiode 82 connectable to a reference 
potential Vref 86 via a reset switch 88, shown in FIG. 5 as an N-Channel MOS 
30 • transistor, so that the photodiode 82 is reverse biased. The gate of the N-Channel MOS 
. transistor forming reset switch 88 is driven by a RESET signal on Reset line 90. 
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Column line 108, and its gate driven by. a COLRESET signal on Column-reset line 1 16. 
An array of sensors of the present invention will include one column line 108 and one 
column line reset switch 1 14 and associated column reset line 1 16 per column of the 
array. ...... _ . . 

5 

The timing of the RESET signal on line 90, the XFR signal on line 104, the 
ROWSEL signal on line 1 12, and the COLRESET signal on Column-reset line 1 16 will 
be disclosed in conjunction with FIG. 7. Alternatively, COLRESET 1 16 could be a 
fixed or variable bias voltage, and column-reset switch 1 14 could then be biased as a 
10 current-source load, as is commonly practiced in the art of active pixel sensor arrays. 

Referring now to FIG. 6, a second embodiment of a storage pixel sensor 120 
according to.the present invention is depicted in a schematic diagram.. As with the 
storage pixel sensor 80 of FIG. 5, storage pixel sensor 120 of FIG. 6 comprises a 
15 . photodiode 122 having its anode coupled to a fixed voltage potential 124 (shown in 
FIG. 6 as ground). The cathode of photodiode 122 is coupled to a reference potential 
Vref 126 via a reset switch 128, shown in FIG. 6 as an N-Channel MOS transistor, so 
that the photodiode 122 is reverse biased. The gate of the N-Channel MOS transistor 
forming reset switch 128 is driven by a RESET line 130. The cathode of photodiode 
20 122 is also connectable to a nonlinear capacitor 132, shown as an N-Channel MOS 
capacitor in FIG. 6, through a transfer switch 134, shown in FIG. 6 as an N-Channel 
MOS transistor. The gate of transfer switch 134 is driven.by a XFR signal on transfer 
line 136. In this embodiment, the nonlinear capacitor is referred to as a storage 
• capacitor, since it stores the pixel signal after the transfer switch is turned off. 

25- ■■ • . . .• . ■ • • . . ■ • . • 

As in the embodiment of FIG. 5, storage capacitor 132 is preferably a MOS 
capacitor and includes a first plate 138 comprising a substrate channel region with a 
diffusion terminal connectable to the cathode of photodiode .122 through transfer switch 
• 134. A second plate 140 of nonlinear capacitor 132 comprises a polysilicon gate 
30 coupled to an adjustable voltage Vadj on line 142. As with the storage pixel sensor 
- embodiment of FIG. 5, the Vadj potential for all of the pixels 120 in an array will be 
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. , . transfer the pixel data from individual rows of the array to the column line outputs of 
the array. As shown in FIG. 7, the COLRESET signal is asserted prior to assertion of 
each ROWSEL signal. The timing relationship between the Vd signal and the 
ROWSEL1 and ROWSEL2 signals are not critical so long as there is sufficient overlap 

5 between their high levels. 

In the embodiment of FIGS. 5 and 6, the signal Vd in FIG. 7 may be used in 
place of the fixed supply voltage on Vcc line 106. This arrangement provides additional 
compression in the storage pixel sensor and allows for operation of the pixel with 
10 compression having two break points in the. photocharge-to-voltage compression ratio 
as will now be fully disclosed herein. Persons of ordinary skill in the art will 
understand that, if this feature of the present invention is not utilized, the DC voltage 
Vcc will be present on this line. 

15 In the embodiments of FIGS. 5 and 6 of the present invention, the MOS varactor 

capacitors (92 and 132, respectively) and the Vadj lines (reference numerals 98 and 142, 
respectively) provide a mechanism for a first breakpoint photocharge-to-voltage gain 
, compression in their respective pixels. A mechanism to provide a second breakpoint for 
the photocharge-to-voltage gain compression is. the use of a pulsed signal Vd on the Vcc 
20 lines (reference numerals 106 and 146, respectively in FIGS. 5 and 6). Using a Vd 
... • , signal on Vcc line 52 of FIG. 2 may also be advantageous, but it will not provide a 
second compression break point in that embodiment. 

To use this aspect of the present invention, the Vcc line of the source follower 
25 , amplifier of the pixel is held at a low state during integration. The source follower 
. . . transistors in the. pixel sensors of FIGS. 2, 5, and 6 are thus initially on. As the voltage 
at the gates of the transistors of these embodiments drop during the integration period, 
they eventually reach a level where the Vgs of the devices are below threshold, thus 
turning the devices off. The difference in capacitance between the depleted channels 
30 and the inverted channels is enough to provide a second photocharge-to-voltage gain- 
, - compression breakpoint. As will be appreciated by persons of ordinary skill in the art, 
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leads to an increased charge-to- voltage gain. The limit on the achievable charge-to- 
voltage gain is then determined by the body effect, or back-gate effect, of the readout 
transistor, 1 10. The resulting conversion is a nearly linear function of the charge signal 
that was captured on the storage node at the gate of transistor 100. This effect is also 
seen in the embodiment of FIG. 6, but the bootstrapping effect is smaller due to the 
presence of the MOS capacitor 132 on the storage-node side of the transfer switch 134. 

The linear conversion of captured charge to a final voltage on the column output 
line of the sensor of FIG. 5 has two beneficial consequences. First, it means that a large 
capacitance value at the gate of the source follower transistor has a beneficial, rather 
than a harmful, effect on the overall gain, since a larger capacitance on that side of the 
transfer switch means that a larger fraction of the photocharge is captured, as opposed to 
being wasted charging the photodiode itself. The overall gain will typically exceed 
even the gain of the photodiode without any additional capacitive loading. Second, the 
linear conversion from captured charge to output voltage can lead to a beneficial 
compressive nonlinearity as follows: as photocharge is accumulated, the gate of the 
source follower transistor will fall in voltage until at some point it falls below the 
threshold voltage, at which point the gate capacitance will change from high to low. 
Further photocharge beyond this point will accumulate primarily on the photodiode and 
capacitor, so the voltage will fall more quickly. This photocharge-to- voltage break- 
point nonlinearity during integration is expansive, not compressive, but nonetheless 
leads surprisingly to a compressive break-point nonlinearity overall gain. When 

. the transfer transistor 102 or 134 (FIG. 5 or 6, respectively) is turned off, the proportion 
of charge stored on the storage side of the transfer switch is reduced at high light levels, 
since more of that charge is kept on the photodiode instead. Hence the integrated image 
signal voltage responds expansively during integration, yet a bootstrapped linear 
readout of the stored charge responds compressively . 

. , FIG. 8 is a plot showing the effect of the double-breakpoint photocharge-to- 
. voltage, compression that Is achieved by the pixel sensor circuits of FIGS. 5 and 6 when 
... operated with the signal Vd driving ttie drain of the source, follower transistor 
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ordinary skill in the art will recognize that the layout depicted in FIGS. 1 la and 1 lb is 
illustrative only and other layouts are possible within the concepts of the present 
invention. In order to avoid overcomplicating the drawing figures, metal interconnect 
layers are omitted, and contacts are shown only in the top view of FIG. 11a. 

5 _ _ 

The pixel sensor of the embodiment of FIGS. 11a and 1 lb of the present 
invention is preferably fabricated on a p-type substrate 200. Rectangular border 202 in 
FIG. 1 la defines a well exclusion area where the p-well region 204 (seen best in FIG. 
1 lb) is not present. All of the transistors in the storage pixel 80 of FIG. 5 are formed 
10 within the p-well 204. 

: The gate plate 96 of the storage capacitor 92 of FIG. 5 is formed from 
poly silicon region 206 and the channel plate of the storage capacitor comprises the 
region 208 of the substrate lying directly beneath polysilicon region 206. Contact is 
15 made to the Vadj node through electrical contact region 210. 

The photodiode anode comprises the substrate 200 and the photodiode cathode 
comprises an n+ diffused region 212 in the substrate self-aligned to the polysilicon 
. region 206. The source of the N-Channel MOS transistor forming the reset switch 88 of 
20 FIG. 5 is formed from region 214 of. a first n+ diffusion finger extending to the right 
. near the. lower edge of photodiode cathode n+ diffusion 212. Polysilicon region 216 
forms the gate of the reset switch, which is connected to the RESET metal line (not 
shown), via contact 218. The portion 220 of the n+ diffusion finger forms the drain of 
the reset switch, which is connected to the Vref metal line (not shown) by contact 222. 
25 . It will be apparent to persons of ordinary skill in the art that the diffusion terminal of 
MOS capacitor 92 in FIG. 5 is the same as the photodiode cathode diffusion 212. 

The N-Channel MOS transistor forming the transfer switch 102 of FIG. 5 is 
formed from n+ regions 224 and 226 of a second diffusion finger extending to the right 
-30 near the center of the right edge of photodiode cathode n+ diffusion 212. Polysilicon 
. region 228 forms the gate of the transferswitch, which is connected to the XFR metal 
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Referring now to FIGS. 12a and 12b, respectively, top and cross-sectional views 
of a typical layout for the storage pixel sensor of FIG. 6 further illustrate the photon and 
minority carrier shielding aspects of the present invention. In order to avoid 
5 overcomplicating the drawing figures, metal interconnect layers are not shown, and 
contacts are shown only in the top view of FIG. 12a. 

Like the embodiment of FIGS. 11a and 1 lb, the pixel sensor of the embodiment 
of FIGS. 12a and 12b of the present invention is preferably fabricated on a p-type 
10 substrate 270. Rectangular border 272 in FIG. 12a defines a well exclusion area where 
the p-well region 274 (seen best in FIG. 12b) is not present. All of the transistors in the 
storage pixel sensor 120, of FIG. 6 are formed within the p-well 274. 

The gate plate of the storage capacitor is formed from polysilicon region 278 
15 and the channel plate of the storage capacitor comprises active region 276 of the 

substrate 270 lying directly beneath polysilicon region 278 in the rightmost portion of p- 
well 274. Contact is made to the Vadj node through electrical contact region 280. 

The photodiode anode comprises the substrate 270 and the photodiode cathode 
20 comprises an n-fc diffused region 282 in the substrate. The source of the N-Channel 
MOS transistor forming the reset switch 128 of FIG. 6 is formed from region 284 of a 
first n+ diffusion finger extending to the right near the lower edge of photodiode 
cathode diffusion 282. Polysilicon region 286 forms the gate of the reset switch and is 
. connected to the RESET metal line (not shown) via contact 288. The portion 290 of the 
25 , n+ diffusion finger forms the drain of the reset switch, which is connected to the Vref 
metal line (not shown) by contact 292. . . , 

_ . The N-Channel MOS transistor forming the transfer switch 134 of FIG. 6 is 
formed from regions 294 and 296 of a second n+ diffusion finger extending to the right 
-30 near the center. of the right edge of photodiode cathode diffusion 282. Polysilicon 

region 298 forms the gate of the transfer switch and is connected to the XFR metal line 
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substrate by reversing all p and n regions shown in FIGS. 1 la, 1 lb, 12a, and 12b (in 
which case the photodiode terminal names anode and cathode would also be reversed). 
In addition, such skilled persons will realize that other type changes between p and n 
devices could be implemented without departing from the teachings of the invention. 

Embodiments of the present invention employing two or more nonlinear mechanisms 
can be implemented by using devices of different types, different bias conditions, 
different capacitor positions relative to the transfer switches in storage pixels (as shown 
in the exemplary embodiments of FIGS. 5 and 6), or by using the stepped overflow 
barrier disclosed in co-pending application Atty. Docket No. FOV-003. From the two- 
breakpoint examples given in this disclosure, persons of ordinary skill in the art will 
readily be able to configure pixel sensors according to the present invention having 
three or more compression breakpoints. 

Referring now to FIGS. 13 and 14a through 14e, the implementation of stepped- 
overflow-barrier compression may be easily seen. FIG. 13 is a simplified schematic 
diagram of a partial pixel sensor 350 connected to an n-type reset switch 352 serving the 
same role as transistor 88 in FIG. 5. The pixel sensor 350 of FIG. 13 includes a 
photodiode 354, having its anode formed in a semiconductor substrate (shown as 
ground symbol 356), and its cathode connected to the source of the reset transistor 352. 
.The drain of the reset transistor 352 is connected to a reference voltage supply Vref 
(shown at reference numeral 358). The gate of the reset transistor 352 is connected to 
reset control line 360. 

FIGS. 14a through 14e are energy diagrams that illustrate the potential at the 

. photodiode cathode and the Vref supply in the circuit of FIG. 13. In each of FIGS. 14a 

through 14e, the substrate potential is shown at the left at reference numeral 370, the 
, potential of the photodiode cathode is shown to its right at reference numeral 372. The 
potential barrier set by the.reset transistor is shown to the right of the photodiode 
cathode at reference numeral 374. The potential of the. Vref supply is shown furthest to 
the right at reference numeral 376. The reference numerals 370, 372, 374, and 376 will 
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FIG. 14d, to which attention is now drawn, illustrates the potential energy 
conditions that exist during a later portion of the integration period. At this time, 
photocharge accumulating at the cathode of photodiode 354 in region 372d is 
overflowing the potential barrier of reset transistor 352 at reference numeral 374d, as 
5 shown by the stippling 378. Those of ordinary skill in the art will recognize that the 
overflow node is common to a group of pixels in an array. The group may include all 
pixels in the array. The condition of FIG. 14d will be reached by pixel sensors that are 
illuminated sufficiently to cause them to fill with charge to the overflow level. The 
. condition will persist until the Reset barrier at transistor 352 is modified. 

10 . 

The energy conditions in FIG. 14d should be compared with those of FIG. 14e, 
in which the potential barrier (reference numeral 374e) of reset transistor 352 has been 
raised slightly to allow further exposure for a selected time period. This can be 
accomplished by a predetermined timer interval or through an automatic exposure 

15 control circuit such as the one of FIG. 5 of co-pending application serial No. 

09/031,333, filed February 26, 1998. During the brief period of continued exposure 
with a higher overflow barrier, bright pixels will integrate to different levels, 
corresponding to a low-gain region on the bright side of a breakpoint introduced by this 
: stepped overflow barrier technique. 

20 - ... . • • 

; t While embodiments and applications of this invention have been shown and 

described,it would be apparent to those skilled in the art that many more modifications 
than mentioned above are possible without departing from the inventive concepts 
disclosed herein. The invention, therefore, is not to be restricted except in the spirit of 

25 v the appended claims. • 
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.a nonlinear capacitive element arranged to have a compressive 
photocharge-to-voltage gain coupled to said photosensor; 

a semiconductor reset switch having a first terminal coupled to said 
photosensor and a second terminal coupled to a reset potential; 

a semiconductor amplifier having an input coupled to said photosensor 

and an output; 

. said semiconductor reset switch having a control element coupled to a 
control circuit for selectively activating said semiconductor reset switch. 

8. The pixel sensor of claim 7 further including means for providing a 
multiple-break compressive photocharge-to-voltage function. 

. 9. The pixel sensor of claim 7 wherein the compressive photocharge-to- 
voltage function is a double break function. 

10. The pixel sensor of claim 7 wherein: 

said photosensor comprises a photodiode having a first terminal 

and a second terminal; - 

said nonlinear capacitive element comprises a MOS capacitor having a 

gate plate coupled to a voltage and a diffusion terminal coupled to the second terminal 

of said photodiode; and 

; ■ - said first terminal of said semiconductor reset switch is coupled to said 

second terminal of the photodiode and said second terminal of said semiconductor reset 
' switch is coupled to a reset potential that reverse biases said photodiode. 

11. The photosensor of claim 10 wherein said semiconductor reset switch 
and said amplifier each comprise a MOS transistor. 

12. A pixel sensor comprising: 
- a : photodiode; 

* ' — at least one nonlinear capacitive element coupled to said photodiode, said 
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minority carrier rejection means for preventing substantially all minority 
carriers generated in the semiconductor substrate from entering said portions of said 
semiconductor substrate. 

- - 1-7. -A storage pixel sensor disposed on a semiconductor substrate 
comprising: 

a MOS capacitive storage element having a gate terminal coupled to a 
voltage source and a diffusion terminal; 

a photodiode having a first terminal coupled to a first potential and a 
second terminal; 

a semiconductor reset switch having a first terminal coupled to said 
second terminal of the photodiode and a second terminal coupled to a reset potential 
that reverse biases said photodiode; 

a semiconductor transfer switch having a first terminal coupled to said 
second terminal of the photodiode and a second terminal coupled to said diffusion 
terminal of said MOS capacitive storage element; 

a semiconductor amplifier having an input coupled to said diffusion 
terminal of said MOS capacitive storage element and an output; 

said semiconductor reset switch and said semiconductor transfer switch 
each having a control element coupled to a control circuit for selectively activating said 
semiconductor reset switch and said semiconductor transfer switch. 

1 8. The storage pixel sensor of claim 17 wherein said voltage source is 
adjustable. 

19. The storage pixel sensor of claim 17 further including: 

a light shield disposed over portions of the semiconductor substrate 
comprising said second terminal of the semiconductor transfer switch, said diffusion 
terminal of said MOS capacitive storage element and said input of said semiconductor 
amplifier to prevent substantially all photons from entering thereon; and 
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minority carrier rejection means for preventing substantially all minority 
carriers generated in the semiconductor substrate from entering said portions of said 
semiconductor substrate. 

17. A storage pixel sensor disposed on a semiconductor substrate 
comprising: 

a MOS capacitive storage element having a gate terminal coupled to a 
voltage source and a diffusion terminal; 

a photodiode having a first, terminal coupled to a first potential and a 
second terminal; 

a semiconductor reset switch having a first terminal coupled to said 
second terminal of the photodiode and a second terminal coupled to a reset potential 
that reverse biases said photodiode; 

a semiconductor transfer switch having a first terminal coupled to said 
second terminal of the photodiode and a second terminal coupled to said diffusion 
terminal of said MOS capacitive storage element; 

a semiconductor amplifier having an input coupled to said diffusion 
terminal of said MOS capacitive storage element and an output; 

said semiconductor reset switch and said semiconductor transfer switch 
each having a control element coupled to a control circuit for selectively activating said 
; semiconductor reset switch and said semiconductor transfer switch. 

18. The storage pixel sensor of claim 17 wherein said voltage source is 
adjustable. ' 

19. The storage pixel sensor of claim 17 further including: 

" * a light shield disposed over portions of the semiconductor substrate 
comprising said second terminal of the semiconductor transfer switch, said diffusion 
terminal of said MOS capacitive storage element and said input of said semiconductor 
" amplifier to prevent substantially all photons from entering thereon; and 
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26. A pixel sensor comprising: 
a photosensor; 

at least one nonlinear capacitor element coupled to said photosensor; 

at least one nonlinear circuit element arranged to yield a compressive 
photocharge-to-voltage gain function coupled to said photosensor; and 

an amplifier having an input, said input coupled to said nonlinear 
capacitor element and to said at least one nonlinear circuit element, said amplifier also 
having an output. 

27. The pixel sensor of claim 26 wherein said photosensor is a photodiode. 

28. The pixel sensor of claim 26 wherein said at least one nonlinear 
capacitive storage element comprises a MOS capacitor including a first plate formed 
from a channel region in a semiconductor substrate coupled to said photosensor and a 
second plate formed from a gate coupled to a voltage source. 

29. The pixel sensor of claim 26 wherein the compressive photocharge-to- 
voltage function is a single-break function. 

30. The pixel sensor of claim 26 wherein the compressive photocharge-to- 
voltage. function is. a multiple-break function. ■. * v. 

31. The pixel sensor of claim 30 wherein the compressive photocharge-to- 
voltage function is a double break function. 

32. The pixel sensor of claim 26 wherein said nonlinear circuit element 
comprises an adjustable barrier. 
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33. 



A pixel sensor comprising: 
a photosensor; t . 

at least one nonlinear capacitor element coupled to said photosensor; and 
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40. The pixel sensor of claim 37 wherein the compressive photocharge-to- 
voltage function is a multiple-break function. 

5 41. The pixel sensor of claim 40 wherein the compressive photocharge-to- 

voltage function is a double break function. 

42. The pixel sensor of claim 37 wherein said at least one nonlinear circuit 
element comprises an adjustable barrier. 

10 

43. The pixel sensor of claim 37 wherein: 

a first one of said at least one nonlinear circuit elements comprises said 
amplifier implemented as a MOS transistor coupled as a source follower having a drain 
coupled to a source of pulsed potential; and 
15 a second one of said at least one nonlinear circuit elements comprises an 

adjustable barrier. 
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